Abstract. The functional equation for f(i) is used to obtain formulas for all derivatives f(Ar)(î). A closed form evaluation of f(Ar)(0) is given, and numerical values are computed to 15D for k = 0(1)18.
The functional equation for the Riemann zeta function states that (1) f(l-*)-2(2»rC08yr(5)f(i) (see [3, Theorem 12.7] ). If this is differentiated k times we obtain a formula which, as noted by Spira [11] , can be put in the form
(-1) V*>(1 -s) = 2(2*r I E ( Wosf + bJkmsmf)T^(s)^(s),
where the coefficients ajkm and bjkm are independent of s. This formula was used by Spira [11] , [12] to determine zero-free regions for Ç(k)(s), and by Berndt [5] , to determine the asymptotic number of zeros of £(fc)(s) with 0 < t < T, where s = a + it. This paper gives a variant of this formula (Theorem 1) which enables us to determine the coefficients ajkm and bjkm explicitly (Theorem 2). Our version also leads to a closed form evaluation of fw(0) (Theorem 3) which contains the well-known values f(0) ** -\ and f'(0) = -\ log(2w) as well as a formula for $"(0) obtained by Ramanujan. The results for k > 3 appear to be new. Alternate formulas expressing f (k)is) in terms of integrals are also given (Theorem 4). The values of f(fc)(0) are computed to 16S for k = 0(1)18 (Table 2 ).
Notation. Throughout this paper, z denotes the fixed complex number x + iy with x = -log27r, y = -it/2, and z* denotes the complex conjugate of z. 
It should be noted that when s is an integer one of the factors cos its/2 or sin tts/2 vanishes, and Eqs. (5) and (6) Similarly, when s = 2« the sine terms vanish and we get
If we put j = 1 in (2), we get (-l)kÇ(k)(0) on the left, but on the right we have an indeterminate form. By expanding each of the functions e", esz' and {r(j)f(s)}(B,) in powers of s -1 and letting s->lwe can obtain a closed form for (-l)*f (/£)(0). A simpler method which gives the same result is based on the functional equation in (1) .
Since the left member of (1) is analytic at s = 1 it has a power series expansion n = 0 Now we expand the right member of (1) in powers of s -1 and equate coefficients. Again we use Eq. (3) which served us so well in proving Theorem 1, and first find the expansion of tp(j; z) in powers of s -1.
The product T(s)f(.s) has a Laurent expansion of the form Equating coefficients of (s -I)" in the functional equation (3) we find, for n > 0,
But e" = -i/(2ir) and e2* = /'/(2w), so
Hence (8) becomes
Since Im(z°) = 0 and a0 = 0 (as we will show later), the first and last terms of the sum can be deleted and we obtain the following theorem.
Theorem 3. If z = -log(2w) -ítt/2 andn > 0, we have
where the coefficients ak are determined by (7).
Examples. For 0 < n < 4, we find that (9) gives us
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The formulas for f(0) and ?'(0) are well-known [13, p. 20] , and the formula for f"(0) was obtained by Ramanujan [6, p. 25] . Numerical values are given below in Table 2 .
The coefficients ak which appear in (9) and are defined by (7) can be calculated. They are related to the coefficients in the Laurent expansion i °° ( 10) ï(s + l) = -+ ZA"s" so we have a simple way of calculating the c" in (11) recursively from the bn. The numerical values of the c" in Table 1 were obtained in this way from Bourguet's values. When rounded off to 12 decimals they agree with Jeffery's results except for c10 where Jeffery lists the 12th decimal place as 4 instead of 2.
To relate an to the An and cn we write (7) Numerical values for the an are given in Table 2 . The calculations were based on (14) using the values for the An given by Liang and Todd [9] and the values of cn listed in Table 1 . These values, in turn, were used together with (9) to calculate the derivatives f (n)(0) in Table 2 . The numbers in Table 2 reveal that (-l)"an converges to -j and that f (n>(0)/«! converges to -1. These facts are easily proved by observing that we have the power series expansions 
